in females could explain how activities are divided up between the sexes (Andersson & Norberg 1981 , Temeles 1985 , Newton 1986 .
The Spanish Imperial Eagle Aquila adalberti is monogamous (but see González et al. 2006a ) and has moderate reversed sexual size dimorphism in comparison with other raptors (principally bird-eating ones; Newton 1986 , Simmons 2000 , Ferguson-Lees & Christie 2001 , as females are about 10% larger than males (Hiraldo et al. 1976 , Cramp & Simmons 1980 ). The present breeding population is estimated to be approximately 200 pairs (González & Oria 2003) .
Little is known about parental care in Spanish Imperial Eagles. Although available data were not quantitatively assessed (Mountfort 1958 , Suetens & van Groenendael 1971 , Meyburg 1975 , 1989 , it has been suggested that the parental tasks are shared between sexes, with males playing an important role in incubation and chick-rearing (Meyburg 1975) , to a similar degree to females (J. A. Valverde pers. comm. cited in Hiraldo et al. 1976) , and that either the females find their own food (Meyburg 1975) or males transfer the food to females (Mountfort 1958) .
In accordance with the hypothesis that relates reversed sexual size dimorphism (RSD) to the division of roles in parental care (i.e. females have become larger to form a larger egg or to increase incubation efficiency, or males have become smaller for more efficient foraging or territory defence; see Massemin et al. 2000) , in Spanish Imperial Eagles we would expect a degree of specialization greater than that found in taxa with no or little RSD (e.g. vultures), but not as marked as in taxa with stronger RSD (e.g. genus Accipiter).
The aims of our study were: (1) to describe the parental behaviour of male and female Spanish Imperial Eagles during incubation and chick-rearing; (2) to analyse the existence of intersexual differences in the different parental roles; (3) to analyse the variation in parental investment throughout the chickrearing period; and (4) to discuss the division of parental roles in the context of RSD and parental investment strategies.
MATERIAL AND METHODS

Study species
The Spanish Imperial Eagle is a territorial species that builds its nests in trees, and exceptionally on electricity pylons (González 1991) . The clutch size ranges from one to four eggs and the birds can raise up to four chicks (González 1991 (Delibes 1978 , González 1991 . The rarity of the Spanish Imperial Eagle and the fact that it is classified as 'Endangered ' (BirdLife International 2004) mean that the study of its biology (particularly with regard to breeding) is difficult. For this reason, the number of breeding pairs studied was not as high as in studies of other, more common large eagles (Collopy 1984 , Gargett 1990 ). Moreover, precautions need to be taken to avoid disturbing the birds or having a negative impact on their breeding success. Thus, the safety measures recommended, such as the minimum distance from the nest at which the birds can be observed, were respected (González 1991 , González et al. 2006b ).
The study was carried out from 1991 to 1998 in central Spain (Province of Madrid) in the framework of the Action Plan for the Conservation of the Species in the Autonomous Community of Madrid. The pairs studied were located in an area with a high population of European Wild Rabbits, and the habitat is made up of extensive rolling plains where Holm Oak Quercus rotundifolia predominates; this corresponds to the habitat most commonly occupied by Spanish Imperial Eagles (González 1991 , González et al. 1992 .
Observations were made using 20-60× telescopes from points overlooking the territory at a distance of about 600-800 m from the nest. This distance did not appear to alarm the birds or alter their behaviour (González et al. 2006b) . Only observations in which we could be totally sure of the sex of the individual were used when analysing the data. During the incubation period, 11 different pairs were studied (n = 11 breeding attempts), involving a total of 2812 observation hours over 269 days (average ± sd = 244.4 ± 119.8 hours of observation per pair, range 34-441 hours). The average daily observation time was 10.43 ± 1.28 (range 8.5-12.6 hours). During the chick-rearing period, seven of the 11 pairs were studied (n = 7 breeding attempts) for nest attendance and delivery rates of prey and feedings, and 14 breeding attempts were studied for food provisioning with different brood sizes. This involved a total of 5499 observation hours spread over 503 days (average 721.6 ± 276.54 hours of observation per pair, range 207-1011 hours). The average daily observation time was 10.6 ± 1.28 hours (range 9.2-11.6 hours). The observations covered all daylight hours.
The average productivity of the pairs studied was 2.71 ± 0.89 chicks/breeding attempt (range 1-4, n = 7).
The individuals were sexed and identified individually based on: (a) the larger size of the female when observed with the male (Forsman 1999 , Ferguson-Lees & Christie 2001 ; (b) the position of the birds during observations of copulation attempts; (c) the different calls of the male, which were higher pitched than those of the female (authors, pers. obs.); and (d) the individual plumage differences.
The individual's plumage type was classified using the plumage categories established for this species (González 1991 , Forsman 1999 . The pairs in the study displayed adult plumage, except in one territory where the individuals consisted of a male with immature plumage classed as 'advanced chessboard' ('damero') and a female with subadult plumage classed as an 'imperfect adult', indicating they were four and five years old, respectively (González 1991 , Forsman 1999 .
To study the parental behaviour and the relative contributions of the sexes to nesting activities, we examined the following activities. (1) Attendance at the nest during incubation (11 pairs) and chick-rearing (seven pairs); nocturnal nest attendance during incubation was assumed by noting the sex of the individual that remained in the nest at the end of the daylight hours of observation. (2) Provision of food during incubation (six pairs) and provision of food (seven pairs) and feeding the chick during rearing (five pairs). Incubation was defined as the period between laying and hatching of the first egg and was subdivided into six week-long periods, and chick-rearing into 12 week-long periods, in accordance with the chick ageclass identification guide (González 1991) . The chick-rearing period was defined as the period between hatching of the first egg and fledging of the last offspring. For each member of the pair, the frequencies and time dedicated to each of the following aspects of parental behaviour were noted: (a) attention to the clutch and chicks as a percentage of the time each sex remains at the nest; and (b) the feeding duration (average time per feeding bout in minutes) and frequency (number of feeding bouts/hour) of feeds. We also recorded the frequencies of visits by adults to the nest and their purpose, including the provision of nest material and food.
Parametric tests were used in the statistical treatment of most of the data. When data were not distributed normally, percentages were arcsine-transformed and frequencies (number of episodes/hour) were transformed into logarithms. Where results from ANOVA were significant, a posteriori testing involved the use of the Scheffé test (P < 0.05) to identify inter-group differences (Sokal & Rohlf 1981) . Values are presented as means ± sd.
RESULTS
Incubation period
Incubation
Although both sexes contributed to daytime incubation tasks, females carried out most of this activity (females: 89.2 ± 5.2%, range 78.5-96%; males: 5.9 ± 3.5%, range 0.51-10.7%; t 10 = -47.89, P < 0.0001). Participation of the males in incubation was restricted to changeovers involving food provision (range 0-2), with the male covering the eggs while the female ate the food he had provided. During ten nocturnal observation periods, only females incubated at night. Males stayed at the nest on average 56.6 ± 34.46 minutes per incubation bout (range 19.3-123.3 minutes, n = 11). The mean percentage of daytime during which the nest remained without any adult was 4.2 ± 4.48% (range 1-16, n = 11).
During incubation, coinciding with the changeovers, we observed 60 food transfers, of which 55 (91.7%) were carried out by males and only 5 (8.3%) by females. However, the food brought by females consisted of the remains of food they had eaten, which had previously been provided by males. Thus, all food brought to the nest and eaten by females was provided by males. In all the food transfers the individual relieved at the nest carried the prey to a nearby perch in order to eat it.
The pattern of daily incubation by both sexes throughout the six-week incubation period remained similar (Fig. 1) . No changes were found in the time invested by each sex during the six-week incubation period (males: ANOVA F 5,46 = 0.87, P = 0.51; females: ANOVA F 5,46 = 0.98, P = 0.44).
Bringing of nest material
During the incubation period, Spanish Imperial Eagles carried material to the nest. In the five focal pairs whose activity we monitored, we observed 182 provisions of material, of which 35.6 ± 25.9 (n = 66) were carried out by males and 64.4 ± 25.9 (n = 116) by females (t 4 = -3.66, P < 0.01); however, in two of the five pairs studied, the male's contribution was greater than the female's (70% versus 30%, and 60% versus 40%).
Chick-rearing period
Brooding
The contribution of males was significantly lower than that of females with regard to nest attendance (brooding and shading) and chick care (males: 4.61 ± 1.20%; females: 40.35 ± 4.36; t 6 = -17.68, P = 0.0001). The time invested by males in nest attendance did not vary across the chick-rearing period (ANOVA F 11,73 = 1.61, P = 0.12, ns; Fig. 2 ). On the other hand, females were less frequently on the nest as the chick-rearing period progressed (ANOVA F 11,73 = 75.36, P < 0.0001, Scheffé test a posteriori P < 0.05, Fig. 2 ).
Bringing of nest material
During chick-rearing, we observed 337 provisions of material to the nest, of which 37 (10.08%) were brought by males and 300 (89.02%) by females. In all the pairs, the females' contribution in this task was significantly higher (females: 88.43 ± 5.92, range: 80.7-100%; males: 11.57 ± 5.92, range: 0-19.3%; t 6 = -22.5, P < 0.0001).
Food provisioning
In total, 751 prey were brought to the nest, of which 490 (65.2%) were brought by males and 261 (34.8%) by females. The average contribution of males was 66.78 ± 17.65% (range 39.7-85.2%), compared to 33.21 ± 17.65% (14.8-60.3%) for females (t 6 = 3.29, P < 0.01). Significant differences were found between pairs (χ 2 = 113.32, df = 6, P < 0.0001), and in two of the seven pairs studied, the contribution of females was greater than that of males. As shown in Table 1 , both sexes increased the food-provisioning rate in accordance with brood size, although the differences were not statistically significant.
Over the chick-rearing period, the frequency of prey provisioning/hour did not vary in males (ANOVA F 11,73 = 0.30, P = 0.98, ns) or females (ANOVA F 11,73 = 1.66, P = 0.103) (Fig. 3a) . However, the contribution of females to food provisioning compared with that of males was significantly greater during the second half of the chick-rearing period (>43 days to fledging, χ 2 = 20.26, df = 1, P < 0.0001). Males provided significantly more food than females during the first half of the chick-rearing period (males: 68.7 ± 14.3%; females: 31.3 ± 14.3%; t 6 = 4.34, P < 0.001). During the second half of the chick-rearing period females increased their contribution so that it was not significantly different from that of males (males: 55.8 ± 18.6%; females: 44.2 ± 18.6; t 6 = 1.07, P = 0.304).
Feeding frequency
In all pairs studied, females were significantly more The data refer to the two halves of the chick-rearing period: first period: 1-42 days; second period: >43 days to fledging.
likely to feed the chicks (males: 0.048 ± 0.034 feeds/hour, range 0.006-0.092; females: 0.193 ± 0.061 feeds/hour, range 0.08-0.255; t 4 = -3.09, P < 0.02). The maximum feeding frequency by males occurred during the fifth week (0.094 ± 0.05 feeds/hour) and the minimum in the twelfth week (0.004 ± 0.013 feeds/hour; Fig. 3b ). In females, the maximum feeding frequency occurred in the first week (0.345 ± 0.153 feeds/hour) and the minimum during the last two weeks (0.033 ± 0.016 and 0.033 ± 0.013 feeds/hour, respectively). Males did not display any significant temporal variations in feeding frequency (ANOVA F 11,57 = 0.86, P = 0.58), while feeding by females decreased as the chickrearing period advanced (ANOVA F 11,57 = 8.92, P < 0.0001). The differences occurred between the first five weeks and the last two (Scheffé test, P < 0.05). In females, there was a negative correlation between the time spent in the nest and the frequency of food provisioning (ρ 12 = 0.44, P < 0.001), but this did not occur in males (ρ 12 = 0.18, ns).
Feeding duration
No gender differences were found in the duration of a chick-feeding bout (males: 10.35 ± 1.38 minutes, range 8.63-11.87, females: 10.99 ± 2.07 minutes, range 8.07-13.67; t 4 = -0.52, P = 0.62, ns).
The duration of a chick-feeding bout by males did not vary significantly throughout the chick-rearing period (ANOVA F 11,44 = 1.36, P = 0.24), but it did vary for females (ANOVA F 11,59 = 2.76, P < 0.01). The time the females devoted to feeding decreased significantly after the tenth week (Fig. 3c) . There was a correlation between the duration and frequency of feeding by males (ρ 12 = 0.75, P < 0.01), but this correlation was not found in females (ρ 12 = 0.44, P > 0.05, ns).
DISCUSSION
Our study of Spanish Imperial Eagles shows that during the incubation period, parental tasks (egg incubation, food provisioning and nest-building) are not shared equally between the sexes. The role of the males is significantly less than that of females; this differs from the findings of other authors with regard to this species (Meyburg 1975 , 1989 , Hiraldo et al. 1976 and is similar to what has been documented for other large eagles (Collopy 1984 , Gargett 1990 , Watson 1997 ). The limited sample and observation hours in previous studies (Meyburg 1975 (Meyburg , 1989 ) might explain this difference in results.
In Spanish Imperial Eagles and other raptors (Collopy 1984 , Beissinger 1987 , the conflict for the female between incubation and obtaining food is resolved by the male's partial contribution to incubation and providing her with food. Our observations show that food transfers are generally from male to female and usually take place on a nearby tree (perch) where the food is eaten, as previously observed for this species (Mountfort 1958) . This type of food transfer, at perches away from the nest, would explain why the female arrives at the nest with food, which has led observers to believe she was hunting her own prey (Meyburg 1975) .
Spanish Imperial Eagles build their nests in the highest and, in some populations, the most isolated trees in their range (Garzón 1974 , González 1991 . This means that the nests are more exposed to adverse weather conditions in comparison with cliff-dwelling species, which nest in more sheltered spots and are thus able to keep the structure of the nest in better condition (Margalida & Bertran 2000b) . In Spanish Imperial Eagles the nest structure is damaged by the activity of the chicks and adults in the nest, in addition to damage caused by weather conditions (pers. obs.), and it therefore needs to be repaired regularly. In fact, the falling of chicks and nests as a result of weather conditions and/or the instability of the nest structure constitute one of the most significant causes of chick mortality (González et al. 2006c) . The green material brought to the nest to create the structure and lining can also regulate the nest temperature and may help to repel ectoparasites (Wimberger 1984) . As females carry out most of the incubation and brooding, they arrange the nest and play the leading role in rebuilding the nest, abandoning it occasionally. Thus, females take advantage of incubation changeovers with males (and some temporary nest desertions after lengthy incubation periods) to eat and then return to the nest with branches. This would allow the males to spend more time hunting, thus optimizing the division of roles and parental investment.
During the chick-rearing period, the protection (brooding and shading) of the chicks, food provisioning, feeding and nest-building tasks are not shared equally between sexes. Except for food provisioning, which is generally carried out by males (although not in all pairs), the rest of the tasks are taken care of mainly by females. The differences between pairs in food provisioning may be explained by parental effort in relation to the brood size. Spanish Imperial Eagles can raise up to four chicks successfully (Meyburg 1987 , González 1991 , which must involve considerably greater effort than rearing a single chick. In some raptor species, food provisioning and hunting efforts can increase with brood size (Cavé 1968 , Dijkstra et al. 1990 , although several studies on manipulated brood sizes suggest a fixed investment strategy (Morris 1987) in which parental effort does not correspond to brood size (Tolonen & Korpimäki 1994 , 1996 . The proximate determinants of parental investment may differ from one species to another, and within species in different areas, although also between sexes (Dawson & Bortolotti 2003) . In Spanish Imperial Eagles, parental prey-provisioning rates by both sexes tended to increase with brood size, but not significantly so. In accordance with the flexible investment strategy (Winkler 1987) , male and female Spanish Imperial Eagles may adjust their food-provisioning efforts in accordance with brood size. However, provisioning behaviour may be constrained by the availability of food more than by its abundance. For example, variations in weather can significantly affect parental prey-provisioning rates (Dawson & Bortolotti 2000) .
The time the adults remained at the nest decreased as the chick-rearing period progressed. The females stayed at the nest most of the time, and a significant decrease in nest attendance occurred after the sixth week. Apart from the time devoted to feeding, the presence of one of the adults at the nest could serve to protect the chicks from predators (which is one of the causes of chick mortality during this period) and to shade them from heat. Females probably reduced the time they devoted to nest attendance in order to spend more time searching for food, as has been observed in the radiotracking of several breeding females (authors, unpubl. data). Males and females reduced feeding time before the two-week period that precedes the chicks leaving the nest. The frequency of food provisioning throughout the chick-rearing period was maintained in both sexes, although a significant increase was observed in females during the second half of the period when compared with males. This pattern may be due to two factors: (1) the chicks' greater energetic requirements; and (2) the lower investment in nest attendance and time devoted to feeding as a consequence of a reduction in the requirements of brooding (chicks thermally self-regulatory) and protection (chicks larger and more capable of self-defence), which allowed females to devote more time to hunting (Brown 1955 , Steyn 1972 , Rettig 1978 , Collopy 1984 .
Our results reveal a clear division in parental duties in Spanish Imperial Eagles, with females contributing significantly more than males to nest-building, incubation, nest attendance during chick-rearing (brooding and shading the chicks) and feeding the chicks. Males contributed more than females only in food provisioning. Parental duties in this species are thus shared in an unequal fashion. This does not coincide with the hypothesis that reversed sexual size dimorphism (RSD) is related to the parental role division of the sexes; in view of the moderate degree of RSD in this species, we would expect to find a more equal division of tasks, and not the strategy found, which is more similar to that displayed by species exhibiting a marked RSD (i.e. in the genus Accipiter; Ferguson-Lees & Christie 2001). The fact that most of the Spanish Imperial Eagle's prey items are quick, agile, medium-sized terrestrial mammals (rabbits) and birds (waterfowl and pigeons), as is the case of other large eagles (Ferguson-Lees & Christie 2001) , suggests that the parental role division is consistent with the 'prey capture difficulty' hypo-thesis. This postulates that if the prey pursued by the predator move rapidly, then natural selection will favour smaller males (Andersson & Norberg 1981) so that they can forage more effectively on these prey types (Ydenberg & Forbes 1991 , Tornberg et al. 1999 .
